Abstract. There are two types of gallstones; cholesterol and pigment or bilirubinate. Cholesterol stones are formed in the gallbladder as a consequence of altered hepatocellular and gallbladder function. Over production of cholesterol by the liver is the major metabolic precedent of cholesterol gallstones and this may occur because of obesity, drugs, or other factors. Gallbladder factors which promote stone formation include hypomotility and the secretion of nucleating factors such as mucus glycoprotein. It is possible that both of these two factors are mediated by an increase in the prostaglandin production by the gallbladder mucosa. Pigment stones are either brown or black. Brown stones are formed of calcium bilirubinate and are usually associated with biliary infection. They occur in both the gallbladder and the bile ducts. Black pigment stones are extremely hard bilirubin polymers and are found mainly in the gallbladder. Biliary sludge is a necessary precedent of gallstones. It comprises cholesterol monohydrate crystals, glycoproteins and granules of calcium bilirubinate. (Keio J Med 41 (1): 1-5, March 1992)
Environmental factors leading to cholesterol gall stones include female sex, social class (I<V), reduced physical activity, a diet high in calories and low in legumes, a low intake of vegetables and possibly a high poly unsaturated fatty acid diet. The mechanism whereby these factors lead to gallstone formation is as yet poorly There is, however, little doubt that pregnancy is associ ated with increased tendency to gallstone formation.1,3 With each trimester there is an increased tendency to form biliary sludge or cholesterol stones and at the time of delivery about 50% of women have sludge, 15% have gallstones. After one year about 4% of patients have gallstones. It is likely that the major factor determining gallstones in pregnancy is gallbladder hypomotility.8,9
Physical-chemical
State of Supersaturated Bile
Cholesterol is carried in bile in four different ways. A small quantity is associated with bile salts to form simple micelles containing cholesterol and bile salts but no lecithin. The major quantity of cholesterol in bile is associated with mixed micelles containing a core of lecithin and cholesterol with a perimeter of bile salt molecules which act as a water solubilising surface. The third carrier system is unilamellar vesicles which are bi layers of cholesterol and phospholipid (C/P) molecules. These vesicles are liquid crystalline fragments which are considerably larger than micelles in size. Finally a small quantity of cholesterol is associated with a biliary lipoprotein. By far the most important interactions determining gallstone formation are micellar cholesterol and cholesterol in the vesicles.10,11 But this is a relatively poor index of gallstone-forming capacity. The excess cholesterol is also carried in vesicles and the cholesterol content of the C/P vesicles in gallstone forming bile is higher than in non stone forming bile. In gallstone-prone subjects the cholesterol rich C/P vesicles coalesce to form larger cholesterol rich multilamellar vesicles which eventually form cholesterol monohydrate crystals.11,12 In non stone forming bile the process of crystalisation may take many days, whereas the charac teristic feature of stone forming bile is that it can form cholesterol crystals within a matter of hours. The se cretion of excess cholesterol by the liver is essential for the formation of cholesterol stones. Cholesterol secretion is increased during the fasting state, with age,13,14 in obesity,13,15-17 as a consequence of certain drugs such as Clofibrate, and possibly as a result of dietary factors. There is no evidence that patients in the Western world who form cholesterol stones have an abnormality in the activities of either 3-hydroxy-methyl-gluteryl CoA reductase (the rate limiting enzyme for cholesterol synthesis) or cholesterol 7 alpha-hydroxylase (the rate limiting enzyme for bile salt synthesis). Hepatic hy posecretion of bile salts is not thought to be important in the pathogenesis of cholesterol gallstones.
Nucleation
While cholesterol saturation of bile is essential for stone formation, not all saturated biles form cholesterol stones. By far the most important factor distinguishing stone forming from non stone-forming bile is the capacity to nucleate cholesterol out of solution in the form of cholesterol monohydrate crystals.18,19 The nature of the nucleating factors remain to be determined with precision but they include mucus glycoprotein (mucin), non mucus glycoproteins, calcium ions, immunoglobulins and poss ibly free fatty acids.20,21 In addition it is recognised that there are antinucleating factors which include apolipo proteins, lecithin and ursodeoxycholic acid. The precise balance of activity of these different factors, and how they influence stone formation remains to be determined. It is important to distinguish the nucleation of cholesterol crystals i.e. the initial formation of a crystal, from crystal growth and stone formation. It is probable that different factors determine these two processes. It is probable that bilirubinate stones are formed in bile which is supersaturated with calcium bilirubinate . This may occur because of an increase in the free , ionised calcium in bile or because of an increase in unbound, unconjugated bilirubin ion . The latter may come about from an increase in unconjugated bilirubin being secreted by the liver for example in haemolysis , or because of increased ionisation of unconjugated bilirubin due to a raise in pH. There may also be a decrease in the binding of bilirubinate ions for example when there is a drop in bile salt concentration or increase in lecithin concentration,32 thus making them more available to precipitate as clacium salts.
Brown Pigment Stones
Brown pigment stones are formed primarily from a combination of stasis and infection. Stasis can occur because of a biliary stricture, or a disorder of the sphinc ter of Oddi or due to foreign bodies in the ducts. Infection is primarily due to E. coli and results in hydrolysis of bilirubin to unconjugated bilirubin, the formation of lysolecithin which will promote the formation of choles terol precipitates, and the formation of free bile acids which may also form calcium salts. Bacteria also produce glycoprotein and possibly stimulates glycoprotein from the gallbladder and this aids in the nucleation of biliru binate and cholesterol crystals and development of biliary sludge. We have found that the pH of the bile of patients forming pigment stones is lower than that of patients forming cholesterol stones. This is contrary to what has been reported before, namely that when the gallbladder fails to acidify bile precipitation of inorganic and organic calcium salts occurs which is essential for the formation of pigment gallstones. Our observations, however, suggest that the presence of acidic bile is more common in pigment forming biles than in biles containing choles terol stones. It is possible in these acidic biles that there is more calcium ion available to form insoluble salts preferentially with bilirubin than with phosphates or carbonate and this determines the formation of bilirubin ate stones.
Black Pigment Stones
The mechanism of formation of black pigment stones remains unclear. Factors which play a role include an altered pH, an increase in ionised calcium, and an increase in unconjugated bilirubin. Because there is no evidence that infection plays a role it is possible that abnormal glucuronidase activity by the gallbladder mucosa may be important. Haemolysis is known to be an aetiological factor.
As with cholesterol stones, biliary sludge is important in the formation of pigment stones. A combination of concentrated bile which is viscid and rich in crystals precedes the formation of pigment stones. It is likely that biliary sludge is not a permanent event but is transient. Thus sludge may form in the gallbladder intermittently under conditions when there is gallbladder hypomotility or when factors results in an increased tendency for biliary pigment to precipitate. If normal gallbladder motility exists, the sludge would be ejected from the gallbladder; on the other hand failure of the gallbladder to empty itself will result in retention of sludge and ultimately by the formation of gallstones.33 
